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SYSTEM FOR AND METHOD OF FUEL
OPTIMIZATION IN A HYBRID VEHICLE

CROSS-REFERENCE TO RELATED PATENT
APPLICATIONS

This application claims the benefit of and priority to PCT/
US2012/029835, which claims the benefit of and priority to
U.S. Provisional Patent Application No. 61/566,526 by
Dalum, filed Dec. 2, 2011, both incorporated herein by ref-
erence. This application is also related to U.S. patent appli-
cation Ser. No. 12/710,247, filed Feb. 22, 2010 by Dalum et
al. which is: a continuation of U.S. patent application Ser. No.
12/130,888, filed May 30, 2008, which claims the benefit of
priority under 35 U.S.C. §119(e) to U.S. Provisional Appli-
cation No. 60/979,755, filed Oct. 12, 2007, and U.S. Provi-
sional Application No. 61/014,406, filed Dec. 17, 2007; a
continuation-in-part of U.S. patent application Ser. No.
12/217,407, filed Jul. 3, 2008, which claims the benefit of
priority under 35 U.S.C. §119(e) to U.S. Provisional Appli-
cation No. 60/959,181, filed Jul. 12, 2007, and U.S. Provi-
sional Application No. 61/126,118, filed May 1, 2008; a con-
tinuation-in-part of PCT/US2009/066151, filed Nov. 30,
2009, which claims the benefit of priority to U.S. Provisional
Application No. 61/177,240, filed May 11, 2009, and U.S.
Provisional Application No. 61/118,980, filed Dec. 1, 2008,
and U.S. Provisional Application No. 61/235,998, filed Aug.
21, 2009, and U.S. Provisional Application No. 61/251,285,
filed Oct. 13, 2009; is a continuation-in-part of PCT/US2008/
008442, filed Jul. 10, 2008; is a continuation-in-part of PCT/
US2008/079376, filed Oct. 9, 2008, which is a continuation
of U.S. application Ser. No. 12/130,888, filed on May 30,
2008, which claims the benefit of priority to U.S. Provisional
Application No. 60/979,755, filed on Oct. 12, 2007, and U.S.
Provisional Application No. 61/014,406, filed on Dec. 17,
2007 and each of the applications listed herein; each of the
above references is incorporated herein by reference in its
entirety.

BACKGROUND OF THE INVENTION

The present disclosure relates to vehicle drive systems.
More particularly, the present disclosure relates to a system
for and method of optimizing the use of stored energy or
power for a hybrid vehicle that is utilized for transit and
stationary operation.

Hybrid vehicle drive systems commonly employ at least
two prime movers arranged in different configurations rela-
tive to a transmission. One known configuration is found in
so-called “series-parallel” hybrids. “Series-parallel” hybrids
are arranged such that multiple prime movers can power the
drive shaft alone or in conjunction with one another.

In a hybrid vehicle drive system, a first and second prime
mover (e.g., an internal combustion engine and an electric
motor/generator) can be arranged in a parallel configuration
and used to provide power to a drive shaft and a power
take-off (PTO) shaft through a transmission or to provide
power through a transmission or through a shaft and PTO to
a transmission. PTO shafts are generally used to drive auxil-
iary systems, accessories, or other machinery (e.g., pumps,
mixers, barrels, winches, blowers, etc.).

Stored power or energy may be used to drive auxiliary
systems or other devices when the hybrid vehicle is station-
ary, such as at a job site. To meet various anti-idle and emis-
sion regulations, it may be desirable to power the auxiliary
systems and components with stored electrical power instead
of'with power from an internal combustion engine. The rate at
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2

which stored energy is used (varying the power) or stored and
the amount of stored energy in a hybrid system can have
varying effects on overall vehicle efficiency depending upon
how the energy is used during driving. If the vehicle is also a
work truck or vehicle, the use of stored energy from a hybrid
system can also have differing effects on efficiency at the
jobsite, or on overall efficiency if a vehicle is used both in a
driving mode and at jobsites. Therefore, there is a need to
optimize the use of stored power or energy at job sites and
along transportation routes. Because a hybrid vehicle has a
finite power storage capacity, there is a need to monitor,
predict and control the use of stored electrical power during
the transit of the hybrid and during the stationary job needs.
Further, there is a need to provide a system for and method of
maintaining a sufficient amount of stored power or energy for
expected stationary job needs of the hybrid vehicle.

SUMMARY OF THE INVENTION

One embodiment of the disclosure relates to a system for
idle reduction in a hybrid vehicle. The system includes a
control system for causing the vehicle to operate in a charge
depletion mode, or a charge accumulation mode in response
to job site data, the job site data including an estimate of the
amount of energy required at the job site.

Another embodiment of the disclosure relates to a method
of optimizing energy utilization by a hybrid vehicle. In one
embodiment, the method can determine the best use of stored
energy to improve efficiency or achieve other goals, such as
operating equipment at a jobsite with the engine off. The
method includes receiving locations of a plurality of job sites
on a route; determining expected energy use at the job sites;
determining if the expected energy use is greater than stored
energy in rechargeable energy sources aboard the vehicle;
and operating the vehicle in a charge depletion mode along
the route if the expected energy use is less than stored energy
in rechargeable energy sources aboard the vehicle.

Still another embodiment of the disclosure relates to an
apparatus including a control system for causing a vehicle to
operate in a charge depletion mode, or a charge accumulation
mode in response to a command. The apparatus also includes
a command control system for providing the command in
response to job site data, the job site data including an esti-
mate of the amount of energy required at the job site. Option-
ally, the apparatus may use other inputs to vary the charge
deplete or charge accumulation mode of the hybrid system
while the vehicle is in transit along with job site data to
optimize the overall efficiency of the vehicle.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory only, and are not restrictive of the
invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features, aspects, and advantages of the
present invention will become apparent from the following
description, claims, and the accompanying exemplary
embodiments shown in the drawings, which are briefly
described below.

FIG. 1 is a schematic block diagram of an energy optimi-
zation system for a hybrid vehicle with a system, in accor-
dance with an exemplary embodiment of the disclosure.

FIG. 2 is a schematic block diagram of a hybrid vehicle
system for use with the system illustrated in FIG. 1, in accor-
dance with an exemplary embodiment of the disclosure.
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FIG. 3 is a schematic representation of an optimized route
between a starting point and multiple job sites for a hybrid
vehicle, in accordance with an exemplary embodiment of the
disclosure.

FIGS. 4 and 5 are a flowchart of an exemplary method for
determining an optimized route to a job site and an expected
power usage for the job site and operating the system illus-
trated in FIG. 1 according to the optimized route and expected
power usage, in accordance with an exemplary embodiment
of the disclosure.

FIG. 6 is a simplified state diagram showing exemplary
operation of the energy optimization system illustrated in
FIG. 1.

FIG. 7 is a plot of the battery state of charge for a hybrid
vehicle as a function of time, in accordance with an exem-
plary embodiment.

FIG. 8 is a plot of the battery state of charge for a hybrid
vehicle as a function of distance, in accordance with an exem-
plary embodiment.

FIG. 9 is a simplified state diagram showing exemplary
operation of the energy optimization system illustrated in
FIG. 1.

FIG. 10 is a schematic block diagram of an exemplary
hybrid vehicle for use with the system illustrated in FIG. 1, in
accordance with an exemplary embodiment of the disclosure.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Hybrid systems used in larger trucks, greater than 10,000
pounds gvwr, have typically utilized two basic design con-
figurations—a series design or a parallel design. Series design
configurations typically use an internal combustion engine
(heat engine) or fuel cell with a generator to produce electric-
ity for both the battery pack and the electric motor. There is
typically no direct mechanical power connection between the
internal combustion engine or fuel cell (hybrid power unit)
and the wheels in an electric series design. Parallel design
configurations have a direct mechanical connection between
the internal combustion engine or fuel cell (hybrid power
unit) and the wheels in addition to an electric motor to drive
the wheels. Although certain hybrid arrangements are
described herein, the present invention can be used with vari-
ous hybrid arrangements including series, parallel and series/
parallel designs. A PTO-based hybrid is not shown in a lim-
iting fashion.

Hybrid vehicle drive systems according to several possible
embodiments are presented. One feature of one exemplary
embodiment of the hybrid vehicle drive system is that a drive
shaft can be powered singly or in any combination by one or
more prime movers and accessories. In some embodiments,
prime movers and accessories may themselves be powered by
a wide variety of energy sources such as chemical (e.g.,
gasoline, diesel fuel, etc.), hydraulic, pneumatic, or electrical.
Preferred embodiments incorporate hydraulic systems into
the hybrid vehicle drive system for optimal energy storage
and usage. It is noted that the term motor as used herein can
refer to a motor, a pump, a motor/generator or a motor/pump
and is not necessarily limited to a device that performs only
motor or only pump operations.

Referring to FIG. 1-2, vehicle drive system and an accom-
panying control system for a vehicle 10 is shown schemati-
cally according to an exemplary embodiment. The vehicle 10
is a hybrid vehicle that is propelled by a hybrid vehicle drive
system 12. Vehicle 10 can be a hybrid vehicle as disclosed in
U.S. patent application Ser. No. 12/710,247 or any of the
applications incorporated herein by reference.
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A control system 14 is preferably provided on vehicle 10 to
optimize the operation of vehicle drive system 12. Control
system 14 can advantageously optimize fuel consumption by
vehicle 10 and/or consumption of energy stored on-board
vehicle 10 for use at a job site and along transportation routes.
Control system 14 can be comprised of a processor, memory
and communication ports for receiving data and providing
commands to subsystems of vehicle 10. According to one
exemplary embodiment, control system 14 may receive data
from on-board components and systems, such as a GPS
receiver or unit 15 and an internal database 16. Other on-
board components such as an accelerometer, a yaw sensor, a
barometric altimeter, a temperature sensor, a tire pressure
sensor, a suspension load sensor, a J1939 data transmitter, a
cellular radio or wifi location input or sensor, or other on-
board components or inputs may make data available to con-
trol system 14. GPS receiver 15 may be separate from control
system 14, or may be integrated with control system 14. GPS
receiver 15 may have the ability to receive and transmit data.
Data may be sent and/or received by a variety of means,
including but not limited to wireless connection (wifi, Blue-
tooth, cellular, satellite, radio, IR, etc.) or via a conductor,
such as a plug-in charging cord, or some other means. The
plug-in charge cord used with plug-in hybrid systems or
electric vehicles, sometimes referred to as the Electric Vehicle
Supply Equipment (EVSE), may incorporate a variety of
means to send data, including but not limited to a dedicated
conductor to convey a signal, a fiber optic cable or an incor-
porated power line carrier (PL.C). The EVSE may also trans-
mit and/or receive data to vehicle control system 14 via wire-
less signal, and may receive data from and/or transmit data to
the grid (part of smart grid system) via a wireless signal or
other means such as PLC.

Components on vehicle 10 may exchange data via wired
connection, such as CAN bus, or via wireless connection such
as Bluetooth, wifi, ZigBee, or other means. Optionally, a
device may be used to receive and/or transmit data from one
source, such as a cellular, wifi or other wireless source and
transmit and/or receive the data via another means to control
system 14. The device may be a cellular phone, smart phone,
or embedded transceiver. The data may be transmitted and/or
received from the device to control system 14 via a variety of
means including but not limited to wired connection, IR, fiber
optic, wireless (wifi, Bluetooth, ZigBee, etc.).

According to other exemplary embodiments, control sys-
tem 14 may receive data or instructions from an external
source. Vehicle 10 may be part of a fleet of vehicles. Control
system 14 may serve as an on-board fleet management system
in communication with a central fleet control system 17 with
adatabase 18. Control system 14 may connect directly to fleet
control system 17 and external database 18 (e.g., via a wired
connection or via a wireless connection), or may connect to
fleet control system 17 via another component, such as an
external modem 19. In one embodiment, a lap top computer,
ahand held computer, a smart phone, or other communication
device can communicate with control system 14 and provide
data to fleet control system 17.

In an embodiment using a smart phone, an app or program
can be provided for communicating with control system 14.
In one embodiment, smart phone executing the app can be
independent of or communicate with fleet control system 17
and provide the storage, processing, and command functions
associated with system 17. The smart phone, or other wireless
device, may also communicate with a smart grid system and/
or fleet control system 17.

Referring now to FIG. 2, a hybrid vehicle drive system 12
is shown according to an exemplary embodiment. Hybrid
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vehicle drive system 12 can be employed on any type of
vehicle. According to one embodiment, vehicle 10 can be any
type of light, medium, or heavy duty truck. In one preferred
embodiment, vehicle 10 is a truck that employs hydraulic
systems such as a boom truck. Alternatively, the vehicle can
be any type of platform where hybrid systems are employed.
Vehicle 10 may have a wide variety of axle configurations
including, but not limited to a 4x2, 4x4, or 6x6 configura-
tions, or use tracks. Vehicle 10 may be used on a road and/or
off road.

In one preferred embodiment, vehicle 10 is a truck such as
an International 4300 SBA 4x2 truck. The vehicle includes a
hydraulic boom. According to an exemplary embodiment, the
vehicle may further include a hydraulic platform rotator, a
hydraulic articulating jib and winch (e.g., with a capacity of
1000 1bs.), a hydraulic jib extension, hydraulic tool outlets, an
on-board power charger providing 3 and/or 6 and/or 10 kW at
240 VAC, and electric air conditioning.

In another embodiment, vehicle 10 includes a hydrauli-
cally-operated underdeck air compressor. The compressor
may utilize a compressed air storage tank to monitor the
demand for air. According to an exemplary embodiment,
vehicle 10 may further include air hose reels, air tool outlets,
hydraulic tool outlets, an on-board power charger providing
up to 8 kW at 240 VAC, and electric air conditioning. The
above referenced power, air compressor, and types of com-
ponents are exemplary only.

System 12 includes a first prime mover 20 (e.g., an internal
combustion engine, such as a diesel fueled engine, etc.), a first
prime mover driven transmission 22, a component 28 (e.g., a
power take-off (PTO), a transfer case, etc.), a second prime
mover 30 (e.g., a motor, such as an electric motor/generator,
a hydraulic pump with a thru-shaft, a compressor, pneumatic
blower, vacuum pump, liquid transfer pump, etc.), and an
accessory 32 (e.g., a hydraulic pump, such as a variable
volume displacement pump, etc.). In certain embodiments,
accessory 32 can act as a third prime mover. Transmission 22
is mechanically coupled to component 28. Component 28 is
coupled to second prime mover 30. Second prime mover 30 is
coupled to accessory 32.

In one embodiment, component 28 is a PTO that can be
engaged or disengaged from transmission 22. Transmission
22 may be a manual transmission, automated manual trans-
mission, automatic transmission, or another type of transmis-
sion. A clutch mechanism can be employed to properly
engage and disengage component 28 and transmission 22.

The nature and arrangement of accessory 32 and second
prime mover 30 relative to each other may be changed in
various exemplary embodiments. Second prime mover 30 is
shown in FIG. 2 as an electric motor which is coupled
between component 28 and accessory 32 (e.g., the electric
motor includes a thru-shaft that is coupled to the PTO and the
hydraulic pump). However, in one exemplary embodiment,
accessory 32 is embodied as a hydraulic motor and includes a
thru-shaft coupled to component 28 embodied as a PTO. The
through shaft is then also coupled to the shaft of the second
mover 30 embodied as an electric motor.

According to one embodiment, system 12 also includes a
first rechargeable energy source 34 (e.g., a battery, a bank of
batteries, a fuel cell, a capacitive cell, or other energy storage
device), an Auxiliary Power Unit (APU) 36 (e.g., an internal
combustion engine, possibly fueled by an alternative low
emission fuel (e.g., bio-mass, natural gas, hydrogen, or some
other fuel with low emissions and low carbon output), and a
generator, a fuel cell, etc.), a second rechargeable energy
source 38 (e.g. a hydraulic accumulator, ultra capacitor, pneu-
matic accumulator (compressed gas storage tank), etc.), and
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onboard or external equipment 40 (e.g., hydraulically oper-
ated equipment, such as an aerial bucket, pneumatically oper-
ated equipment, such as pavement breakers, etc.).

First rechargeable energy source 34 is coupled to second
prime mover 30 and provides power for the operation of
second prime mover 30. First rechargeable (e.g., pressurized
or rechargeable) energy source 34 may include other auxil-
iary components (e.g., an inverter provided for an AC motor,
a DC-10-DC converter to charge a DC system, an inverter for
power exportation to a power grid or other equipment, con-
trollers for motors, a charger, etc). Exportable power may be
supplied by the inverter using power from first rechargeable
energy source 34, or from the vehicle chassis energy source
(such as a 12V battery, which is replenished from first
rechargeable energy source 34 using a DC to DC converter),
or by some other means. APU 36 is coupled to first recharge-
able energy source 34 and provides power to first recharge-
able energy source 34.

According to one exemplary embodiment, second renew-
able energy source 38 is a hydraulic system with a high
pressure portion (e.g., an accumulator) and a low pressure
component (e.g., a reservoir tank). According to another
exemplary embodiment, accessory 32 may be a compressor
and second renewable energy source 38 may be a compressed
gas storage tank. Second rechargeable energy source 38 is
coupled to accessory 32 and provides stored power for acces-
sory 32. Onboard or external equipment 40 can be coupled to
accessory 32 or second rechargeable energy source 38 and
operate using power from either accessory 32 or second
rechargeable energy source 38. In one embodiment, onboard
orexternal equipment 40 is coupled through second recharge-
able energy source 38 to accessory 32.

In one embodiment, second rechargeable energy source 38
is utilized, and provides power to accessory 32. Additional or
alternative power can be provided to drive shaft 32 by acces-
sory 32. For example, accessory 32 can provide power to
drive shaft 24 until second rechargeable energy source 38 is
discharged. Alternatively, accessory 32 can provide addi-
tional power to drive shaft 24 during vehicle acceleration.
Accessory 32 provides power to drive shaft 24 through sec-
ond prime mover 30, component 28, and transmission 22. In
one embodiment, energy from equipment 40 can be recov-
ered in source 38 or accessory 32. For example, when a boom
is lowered, power can be provided from the boom to the
hydraulic system.

While component 28 is engaged, second prime mover 30
can operate to provide power to a drive shaft 24 via transmis-
sion 22. Second prime mover 30 may be further used to power
various on-board components such as compressors, water
pumps, cement mixer drums, etc.

An external power grid 42 allows first rechargeable energy
source 34 to be recharged with a cleaner, lower cost power
compared to recharging first rechargeable energy source 34
with first prime mover 20. Power from an external power grid
may be provided at a fraction of the cost of power provided
from an internal combustion engine using diesel fuel. Accord-
ing to one exemplary embodiment, first rechargeable energy
source 34 can be recharged from an external power grid 42 in
approximately 8 hours or less. Generally, external grid energy
or power can be available at a home base, a job site or a depot
for vehicle 10

For explanatory purposes, hybrid vehicle drive system 12
is described below as utilizing a first rechargeable energy
source 34 embodied as a battery or ultracapacitor to store
electric power and a second rechargeable energy source 38
embodied as a hydraulic or pneumatic tank to store power in
the form of hydraulic or pneumatic pressure. It should be
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understood that in other exemplary embodiments, hybrid
vehicle system 12 may utilize a first rechargeable energy
source 34 that is a hydraulic system, a pneumatic system, or a
combination of electric, hydraulic, or pneumatic systems, or
asecond rechargeable energy source 38 embodied as a battery
or ultracapacitor to store electric power.

Hybrid vehicle drive system 12 generally operates in three
modes. The three modes can be entered in response com-
mands from control system 14 or fleet control system 17. In a
first or charge deplete mode, second prime mover 30 con-
sumes power from first rechargeable energy source 34. First
prime mover 20 provides power to drive shaft 24 through
transmission 22 to drive wheels 26. Second prime mover 30
provides additional or alternative power to drive shaft 24
through component 28 and transmission 22. Drive shaft 24
provides power to two or more wheels 26 used to provide
forward and backward momentum to the vehicle. For
example, second prime mover 30 can optionally provide the
sole source of power to drive shaft 24. Alternatively, second
prime mover 30 can provide additional power to drive shaft 24
during vehicle acceleration. Second prime mover 30 may also
be utilized to operate devices when vehicle 10 is stationary or
when vehicle 10 is in transit. For example, second prime
mover 30 may operate an accessory 32 such as a hydraulic
pump. Accessory 32 may then be utilized to operate on-board
equipment 40 such as a hydraulic boom. Alternatively, second
prime mover 30 may be utilized to provide AC or DC power
to other electric devices (e.g., an air conditioner, fans, lights,
radio, handheld electronics, etc.). The charge deplete mode
can be commanded when stored energy is greater than the
energy required for the job site or when vehicle 10 is traveling
back to a home base or job site with a charging station. The
charge deplete mode may also be used during transit when a
control system 14 or 17 commands second prime mover 30 to
draw more energy from rechargeable energy source 34 than is
replaced by regenerative braking, use of second prime mover
30 as a generator powered by prime mover 20, or other means.
Control system 14 may command the charge deplete mode in
response to a duty cycle in which additional power during
driving is more important than displacement of less efficient
operation at a job site by use of an idling engine rather than
use of stored energy from first rechargeable energy source 34.
Control system 14 or 17 may command the use of additional
power during transit for emergency vehicles traveling to an
accident, defense vehicles during combat operations, or other
applications. Control system 14 or 17 may also use a charge
deplete mode for transit if the use of supplemental energy
from first rechargeable energy source 34 improves efficiency
more than the use of the energy from first rechargeable energy
source 34 for other portions of the duty cycle, such as ifa work
truck does not operate at a job site. Vehicle operations in the
stationary mode at a job site tend to be a less efficient use of
fuel due to excess power generated during the idling of first
prime mover 20 in order to operate small accessory loads, and
the frequent need to idle the first prime mover 20 continu-
ously even if accessory loads, such as a hydraulic pump, tend
to be intermittent. As will be shown, various methods can be
used to determine the most appropriate use of energy from
first rechargeable energy source 34.

In a second or charge accumulate mode, second prime
mover 30 is operated as a generator to generate electric power
to be stored in first rechargeable energy source 34. According
to the various exemplary embodiments of system 12, first
rechargeable energy source 34 can be charged or powered by
second prime mover 30, APU 36 or another suitable source
(e.g., the vehicle alternator, the power grid, etc.). For
example, first rechargeable energy source 34 may be plugged
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into external grid 42 when vehicle 10 is stationary, such as
when parked overnight. In one embodiment, a user can select
between 220-240V recharging, 110-120V recharging, and no
external energy source available for recharging. For the dif-
ferent voltages, the amount of power that can be replenished
over a certain period of time (e.g., when connected to an
external power grid overnight) could be calculated. Beyond
that amount of power usage, first prime mover 20, or APU 36
is engaged to charge or provide power to first rechargeable
energy source 34. If no external energy source is available,
first prime mover 20 or APU 36 can be automatically engaged
during regular finite periods, calculated to minimize idle
time. The charge accumulate mode can be commanded when
stored energy is less than the energy required for the job site.
The charge accumulate mode can be exited if sources 34
and/or 38 reach maximum storage levels. Control system 14
or 17 can command the previously described operation if it is
more efficient to charge second rechargeable energy source
38 to supply energy for operations at the jobsite rather than
using prime mover 30 at the job site. Control system 14 or 17
may also factor in other priorities, such as the need to operate
quietly while vehicle 10 is stationary rather than running
prime mover 20. Quiet, low emission operation at the job site
using energy from first rechargeable energy source 34 may be
especially important during stationary use of vehicle 10 in a
city, in an enclosed space such as a tunnel, at night in an urban
area or other circumstances that place a high priority on
minimizing the use of the prime mover 20 at a job site.
Control system 14 or 17 can also command hybrid vehicle
drive system 12 to be in a charge accumulate mode in
response to an input from a smart grid signal to vehicle 10 via
a wireless signal (cellular, wifi, radio, etc.) or other means of
communicating with vehicle or driver. The smart grid signal
may provide an input that control system 14 receives which
places a priority on maintaining a high state of charge level,
such as if vehicle 10 will be connected to the grid (V2G) and
the energy is needed to flow from vehicle 10 to the grid to
supplement the grid or other demands for power from build-
ings, equipment, or other loads. Additional smart grid com-
mands and communications between other hybrid vehicles or
energy storage devices may occur using wireless signals (cel-
Iular, 4G LTE, wifi, GSM, SMS or other) and received, inter-
preted and processed by the on vehicle control system, or
cloud based control system that use vehicle control system in
master/slave arrangement. Vehicle control system 14 or fleet
control system 17 may then communicate with other
machines to coordinate the optimal storage, use and delivery
of power (machine to machine, or m2m) or communicate
other messages to enhance vehicle efficiency for a fleet of
vehicles or complete other activities. When vehicle 10 is
connected to the grid via an Electric Vehicle Supply Equip-
ment (EVSE) or other means, wired communications
between the control system and other devices may optionally
be used.

In a third or charge sustain mode, one or more devices in
hybrid vehicle drive system 12 are activated intermittently to
maintain a predetermined charge in first rechargeable energy
source 34, or to operate within a range of an upper and lower
limit state of charge so that the average state of charge over a
longer period of time remains the same. In one embodiment,
system 12 is configured to automatically engage APU 36 or
first prime mover 20 through component 28 or accessory 32 to
charge first rechargeable energy source 34 when the stored
energy decreases to a certain amount. The permissible reduc-
tion in stored energy can be determined based upon levels
estimated by control system 14 and/or fleet control system 17.
Further, as the charge in first rechargeable energy source 34
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approaches the predetermined threshold, hybrid vehicle drive
system 12 may be operated differently to avoid consuming
power from first rechargeable energy source 34. For example,
second prime mover 30 may notbe used to assist with positive
acceleration of vehicle 10 when hybrid vehicle drive system is
in a charge sustain mode, or second prime mover 30 may be
operated with reduced power. However, second prime mover
30 may still be operated as a generator to recapture energy,
such as with regenerative braking. The charge sustain mode
can be commanded when stored energy is at the energy
required for the job site. If sources 34 and/or 38 have reached
maximum storage levels (e.g., due to charging at a charging
station or due to operation in the charge accumulation mode),
the charge sustain mode can be commanded by system 14.
Control system 14 can implement hysteresis to reduce on/off
cycling.

Control system 14 can continually monitor sources 34 and
38 and energy requirements along the route and at the job sites
to make commands for the appropriate mode of operation. If
energy requirements along the route or at the job site are more
or less than predicted, control system 14 can appropriately
change the mode of operation.

Control system 14 may also allow vehicle 10 to operate in
a regular hybrid operational mode where vehicle 10 operates
according to conventional hybrid algorithms. Such a mode
may be implemented rather than a charge sustain mode.

Referring now to FIG. 3, vehicle 10 may be a utility vehicle
that is housed at a home location (e.g., a garage, headquarters,
base, etc.) 52. Vehicle 10 may be plugged into external power
grid 42 at home location 52. Hybrid vehicle drive system 12
is in a charge accumulate mode to recharge first rechargeable
energy source 34. In typical operation, vehicle 10 departs
from home location 52 to one or more remote job sites 54
before returning back to home location 52. The power stored
in first rechargeable energy source 34 may be utilized to
operate devices such as accessory 32 and/or on-board equip-
ment 40 at job sites 54 in addition to providing power to drive
wheels 26 to propel vehicle 10 during transit along a route 56.
However, it may be desirable to provide power when vehicle
10 is stationary at job sites 54 in a idle-free mode (e.g., with
first prime mover 20 turned off). Operating vehicle 10 in an
idle-free mode may be necessary to comply with local or state
ordinances and reduces the amount of noise and emissions
produced by vehicle 10. Therefore, providing power to acces-
sory 32 and/or equipment 40 may be prioritized over provid-
ing propulsion power to wheels 26. Before departing home
location 52, the estimated power usage for vehicle 10, both in
transit along route 56 between home location 52 and job
site(s) 54 and the power usage at job site(s) 54. The operation
of vehicle drive system 12 may therefore be optimized to
maintain sufficient power levels in first rechargeable energy
source 34 for the expected power usage at job site(s) 54. The
optimization may involve switching hybrid vehicle drive sys-
tem 12 between charge deplete and charge sustain modes.

An optimized route between a home location 52 and one or
more job sites 54 in an area 50 is shown in FIG. 3 according
to an exemplary embodiment. The locations ofthe job sites 54
to be visited by vehicle 10 are determined either manually or
may be determined automatically by control system 14 and/or
fleet control system 17. If vehicle 10 is part of a fleet of
vehicles, the job sites 54 visited by each vehicle 10 may be
determined by a number of criteria, including job type, job
urgency, and job site location.

An optimized route 56 is then set for a vehicle to take
between home location 52 and job sites 54. Different criteria
may be used to initially plot a route, including traffic patterns,
topography, traffic density, etc. Route 56 may be optimized,
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for example, to minimize transit time, to minimize fuel usage,
to maximize energy returns from regenerative braking, etc.
The net gain or loss of energy for first rechargeable energy
source 34 and the relative efficiency of hybrid vehicle drive
system 12 during transit along route 56 may be estimated
using a wide variety of criteria, including, but not limited to
vehicle weight or mass; total vehicle travel distance; fuel
economy, brake use; cruise control use; and torque, rotational
speed, temperatures, and operational times of various devices
in hybrid vehicle drive system 12. As will be described in
more detail below, data from vehicle 10 in transit along route
56 may be collected in a database to refine the energy usage
estimates and route optimization for future vehicles.

Once the identity and locations of job sites 54 for a vehicle
10 are determined, and an optimized route 56 to the job sites
54 is determined, an estimated power usage for the job sites
54 may be estimated. Initially, the power usage for the job
sites may be estimated by the driver or the fleet manager based
on such criteria as the expected length of the job and the types
of'tasks to be completed at the job site. Optionally, system 14
may make automatic estimates of power usage at job sites, or
assist personnel in selection of the power estimate based on
the type of equipment on vehicle 10 that is often used at a job
site, use averages based upon previous events, or may use
estimates based upon additional criteria such as the type and
number of other vehicles nearby, the locations of the job site,
season (e.g. winter, summer, etc.), the day and/or time of day,
typical number of boom movements, or type and/or density of
soil if equipment is used to dig or drill a hole in the ground.
The net gain or loss of energy for first rechargeable energy
source 34 and the relative efficiency of hybrid vehicle drive
system 12 during operation at job sites 54 and/or driving may
be estimated using a wide variety of criteria, including, but
not limited to fuel economy; accelerator pedal position;
torque, rotational speed, temperatures, and operational times
of various devices in hybrid vehicle drive system 12; first
rechargeable energy source 34 voltage or charge; and activity
of on-board devices such as air conditioner activity, ePTO
activity; heater activity, charger activity, etc. As will be
described in more detail below, data from vehicle 10 at each
job site 54 may be collected in a database to refine the energy
usage estimates.

Control system 14 and/or fleet control system 17 may
operate hybrid vehicle drive system 12 (e.g., in charge
deplete, charge accumulate, and charge sustain modes) to
optimize the energy utilization of vehicle 10 and return to
home location 52 with a minimum of energy stored in
rechargeable energy source 34. For example, a route 56 for a
vehicle 10 may include predominantly dense city driving (i.e.
with multiple expected starts and stops) to a multitude of job
sites 54 with little time spent at each job site 54. In such a
scenario, the estimated job site energy usage may be rela-
tively low and hybrid vehicle drive system 12 may be oper-
ated in a charge deplete mode when in transit along route 56
to consume energy from first rechargeable energy source 34.
Control system 14 and/or fleet control system 17 is not limited
to operation of system 12 and may operate other hybrid
vehicle drive systems in which the hybrid system can store
energy in a rechargeable energy storage system, where power
from the rechargeable energy system maybe varied to
improve overall efficiency of the vehicle for various duty
cycles. In another embodiment, hybrid system 12 may only be
capable of recharging the rechargeable energy source 34 dur-
ing the driving mode and/or at the job site, through an alter-
nator, through regenerative braking, through diversion of
some of the power from prime mover 20 to a second prime
mover 30 which acts as a generator or through some other
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means. Control system 14 and/or fleet control system 17 may
affect operation of system 12 so as to optimize overall energy
efficiency by selecting the most efficient method to recharge
the battery system (e.g., source 34) based upon various input
criteria, such as, but not limited to activation of second prime
mover 30 as a generator during highway driving when prime
mover 20 is operating at a more efficient rpm or power range.
Systems 14 and 17 may then use the energy in rechargeable
energy system 34 to eliminate the need for operation of the
prime mover 20 in less efficient modes of operation such as
low speed idle movement of the vehicle, idle of engine when
vehicle 10 is stationary, inefficient use of a heat engine to
power equipment and other loads on vehicle 10, or other
scenarios when prime mover 20 is not the most efficient
source of power. While the prime mover 20 is off, recharge-
able energy source 34 is used to provide power for needed
functions on vehicle 10, resulting in reduced overall fuel
consumption, lower overall harmful emissions, reduced noise
during operation of vehicle 10 and other benefits.

Energy optimization for hybrid vehicle drive system 12
may comprise minimizing idling of first prime mover 20 to
provide energy to auxiliary components when vehicle 10 is
stationary, such as ata job site 54. To reduce idling time of first
prime mover 20, control system 14 and/or fleet control system
17 may operate hybrid vehicle drive system 12 to reserve
energy stored in first rechargeable energy source 34 for use at
job sites 54 and limit the operation of hybrid vehicle drive
system 12 in a charge deplete mode when in transit along
route 56.

According to another embodiment, control system 14 can
provide energy storage information indicating the amount of
energy remaining in rechargeable energy sources 34 and 38
and provide the energy storage information to fleet control
system 17. Fleet control system 17 can select vehicle 10 or
other vehicles in the fleet for the next job based upon the
energy storage information. Sensors on board vehicle 10 can
sense the energy in sources 34 and 38 via voltage parameters,
pressure parameters, etc and provide such parameters to sys-
tem 14. Fleet control system 17 can select one vehicle with
greater energy stored in sources 34 and 38 for the next job site
if both vehicles are a similar distance to the next job site.
Further, system 17 could choose the vehicle with less energy
stored if the next job site includes a fueling station or access
to the electrical grid for sources 34 and 38. Preferably, system
17 has access to data about each job site. Such data can
include its location, length of time for types of job at the job
site, energy usage for types of jobs at the job site, whether a
fueling station is available at the job site, power from electric
grid available at the job site, etc.

With reference to FIG. 6. a simplified state diagram 600
shows an exemplary embodiment of the operation of system
10 and transitions between an energy or charge accumulate
mode 602, an energy or charge depletion mode 604, and an
energy or charge sustain mode 606 in response to stored
energy levels and predicted energy use. State diagram 600 is
exemplary only. Additional or different criteria can be con-
sidered for transitioning between modes 602, 604, and 606
without departing from the scope of the invention.

Charge sustain mode 606 can include a charge accumulate
sub-mode 607 and a charge deplete sub-mode 609, for use
during vehicle transport. In one embodiment, charge sustain
mode 606 may include a separate charge and deplete mode or
sub-modes which are chosen as a vehicle 10 travels across
various portions of the route. In another embodiment, sustain
mode 606 can use modes 604 and 602 to optimize fuel con-
sumption and energy storage during charge sustain mode 606.
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According to one embodiment, charge sustain mode 606
can alternate between a charge accumulate sub-mode 607 and
a charge deplete sub-mode 609 to maintain an energy level in
power sources 34 or 38 over a time period. For example,
charge accumulate sub-mode 607 can be reached prior to a
base of a hill and a charge deplete sub-mode 609 can be
entered while the vehicle travels up the hill. Once the crest of
the hill is reached, charge accumulate sub-mode 607 can be
reinstated. A route map can be used by control system 14 or
fleet control system 17 to implement the appropriate sub-
modes. The route map can include elevation data or be based
upon empirical data. Empirical data can be collected by sys-
tem 14 and system 17 of RPM loads across the work route. In
addition, systems 14 and 17 can utilize vehicle weight data to
choose sub-modes 607 and 609. According to one embodi-
ment, primary mover 20 can be operated at its most efficient
constant RPM as the vehicle 10 travels up and down hills at
preferred speeds along the route. The charge accumulate sub-
mode 607 is used when higher engine output is not required,
and charge depletion sub-mode 609 when higher than optimal
output is needed from prime mover 20.

In one embodiment, system 10 may change from charge
deplete mode 604 to charge sustain mode 606 or the charge
accumulate mode 602 if rechargeable energy source 34 is
fully depleted or reaches the minimum allowable level of
energy (e.g., alow battery state of charge). Further, system 10
may change from charge accumulate mode 602 to charge
sustain mode 606 if prime mover 20 cannot be operated to
efficiently store energy in the rechargeable source 34 (e.g. the
vehicle is going up hill, the vehicle needs all power for motive
power, or prime mover 20 is operating at an inefficient rpm).
An algorithm determines if it is more efficient to operate in a
charge accumulate mode 602 or in a charge sustain mode 606
once the rechargeable source 34 has been fully depleted or
reaches minimum level of energy.

In one embodiment, diagram 600 can also include a stop
mode in which the idle is bumped to achieve more efficient
operation of vehicle 10. In such an embodiment, when vehicle
10 is stopped, power from second prime mover 30 or acces-
sory 32 increases the RPMs associated with the motor (mover
20). Such an increase in the RPM of prime mover 20 results in
a reduction in fuel being provided by the electronic control
module (ECM) of vehicle 10. The increased RPM is prefer-
ably controlled to be below a threshold so that transmission
32 does not begin normal forward operation in response to the
increased RPM. In such a configuration, system 10 advanta-
geously reduces engine idle fuel consumption without requir-
ing significant changes to vehicle 10. Bumping the idle pro-
vides an advantageous way of reducing energy consumption
by prime mover 20 when vehicle 10 is stopped. Once the
vehicle accelerator is depressed, the ECM provides fuel to
prime mover 20 or prime mover 30 or accessory 32 provides
power to transmission 22 so that vehicle 10 operates accord-
ing to normal operation. The ECM can also reduce fuel con-
sumption during travel when prime mover 30 provides power
during travel and prime mover 20 is also engaged.

With reference to FIG. 9. a simplified state diagram 900
shows an exemplary embodiment of the operation of system
10 and transitions between an engine running mode 902, a
brake regeneration mode 904, and a launch assist mode 906 in
response to vehicle acceleration and deceleration. State dia-
gram 900 is exemplary only. Additional or different criteria
can be considered for transitioning between modes 902, 904,
and 906 without departing from the scope of the invention.

Diagram 900 also includes an ePTO mode 912, an ePTO
charging mode 914. Mode 912 is entered from an ignition on
mode 920 when electronic use of the PTO is desired. The
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ePTO mode 912 can be entered when the parking brake is on
and transmission 22 is in neutral. Mode 920 can be entered
from mode 912 when the parking brake is off or transmission
is moved from neutral or if the ePTO mode is deselected.
System 10 can alternate from modes 912 and 914 based upon
the state of charge. Hybrid system off mode 916 can be
entered from a plug-in charging mode 918 when the charge
cord is disconnected. Mode 918 can be entered when the
charge cord is connected. Mode 902 is entered from mode 920
when the engine is started. A fault mode 930 from any state
can be entered. An operator can select ePTO mode 912 via a
user interface.

Referring to FIGS. 4-5, a method estimates vehicle energy
usage for job sites 54 and transit along an optimized route 56
to and from job sites 54. The location of job sites 54 and an
optimized route 56 to and from job sites 54 is first determined
(step 60). The available data for the expected job sites 54 is
analyzed (step 62). If historical data is available for the job
sites (e.g., historical data stored in internal database 16 and/or
external database 18), it is used to estimate the total expected
job site energy usage. If no historical data is available, the
total expected job site usage is estimated using available data,
such as the type and expected duration of job(s) (step 63). The
available data for the expected route 56 is analyzed (step 64).
Ifhistorical data is available for the route (e.g., historical data
stored in internal database 16 and/or external database 18) it
is used to estimate the total expected transit energy usage. If
no historical data is available, the total expected transit usage
is estimated using available data, such as route length, vehicle
weight, road types, traffic patterns, etc (step 65). The total
expected job site energy usage is then compared to the energy
storage capabilities of vehicle 10 (e.g., the capacity and cur-
rent charge levels of first rechargeable energy source 34) (step
66). The energy storage capabilities of vehicle 10 may be
adjusted to account for expected gains while vehicle 10 is
operating in a charge accumulate mode when in transit along
route 56 to job sites 54.

Ifthetotal expected job site energy usage is greater than the
energy storage capacity, then hybrid vehicle drive system 12
may be operated in a charge sustain or charge accumulate
mode when in transit and reserve all stored energy for job site
usage (step 67). First prime mover 30 and/or APU may be
operated at job site(s) 54 to provide additional energy. If the
total expected job site energy usage is less than the energy
storage capacity, then hybrid vehicle drive system 12 may be
periodically operated in a charge deplete mode when in transit
(step 68). Control system 14 may be utilized to monitor the
amount of energy stored in rechargeable energy source 34 and
maintain a sufficient energy level for expected job site usage.
In one preferred embodiment, vehicle 10 is controlled with a
goal to reduce on-site idling to power vehicle 10 and equip-
ment 40 by ensuring that sufficient energy for equipment 40 is
present in sources 34 and 38 at the job site. A model of the
efficiency of vehicle 10 may reside in the software of the
control system 14, fleet management system 17, or in another
system such as a cloud based program or storage area. The
model can be a mathematical representation that simulates
the performance of various hybrid components, the vehicle
power train and other inputs in one embodiment. Simulation
can be validated against the actual performance of various
components and the overall system. Once the model is work-
ing, adjustable parameters or software effecting performance
of vehicle drive system 12 can be adjusted to determine
whether overall efficiency of the vehicle 10 would be
increased, or other goals met in accordance with one embodi-
ment. The model may likely reside in a land based server or
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cloud, but could also be located in the controller of the vehicle
10 (e.g., control system 14) or other component on vehicle 10.

Input may be from vehicle 10 only (vehicle “learns” by
adjusting parameters in software and measuring results) or
from external sources. Input parameters from a telematics
system and/or parameters based upon the route, weather,
traffic or other factors that may affect efficiency can be used
by the model to determine output parameters that are input
into the hybrid, vehicle and/or transmission control system
14. The parameters may be determined by control system 14
orother device on vehicle 10, or may be transmitted to control
system 14 via telematics, or some other means of machine to
machine communications. Instead of input parameters for the
control system software, a more comprehensive set of soft-
ware instructions or a completely new set of code maybe
transmitted to control system 14, with the intent of improving
vehicle performance, reducing vehicle fuel use, lowering
emissions, improving system performance, optimizing the
performance of certain vehicle components, correcting errors
in software, or some other benefit. Data from vehicle systems,
such as J1939 data, data from sensors in hybrid vehicle drive
system 12 or other vehicle systems, such as second prime
mover torque, rechargeable energy storage system state of
charge, battery temperature, input or output current and/or
voltage of rechargeable energy storage, vehicle load informa-
tion, emissions data or other data (external temperature,
grade, humidity, altitude, acceleration vs. power or torque to
estimate load, etc.) may be stored in controller system 14,
and/or transmitted to fleet management control system 17,
and/or sent to remote data storage and processing device or
system, such as cloud based storage and software programs.
The data is then stored and used for further optimization of the
model and output parameters for future vehicles.

Numerous vehicles operating in driving mode and/or job
site mode may store data for numerous routes and conditions
in an on-board database or an external database, such as cloud
based database. The database may then be used to better
estimate the best parameters for other vehicles operating in
the same area, or in different areas but under similar condi-
tions, terrain and/or job-site activities. The improved param-
eters or software for system 14 can then be used to further
improve fuel efficiency and/or the attainment of previously
described benefits. The increasing capability of wireless sys-
tems to send and receive data, such as cellular 4G LTE net-
works or more advanced wireless technology may reduce the
cost and increase the speed of sending large amounts of data
which can be used to enhance the database of stored informa-
tion and result in improved operation of system 14 for numer-
ous vehicles. Such a system is particularly advantageous to
large commercial fleets with defined operating areas, similar
vehicles in operation and similar duty cycles and/or activities
performed at a job-site. The storage and use of the historical
operating parameters can result in newer vehicles having
control system 14 pre-configured for optimal drive and/or
jobsite performance and efficiency, which may be particu-
larly advantageous when a new vehicle is used to replace an
older fleet vehicle. The method of updating the controller for
a specific duty cycle may also provide an advantage when a
fleet vehicle is moved from one area to another area, where
driving conditions, terrain and other factors, such as activity
at the job site may be much different.

A signal from a new or different vehicle entering an area
may also be sent to other vehicles near-by or to a fleet man-
agement system 17 in order to help determine priority of
recharging a rechargeable energy source through the grid.

Priority of recharging may be based upon the state of
charge of the battery system, time or date of last recharge,
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knowledge of future duty cycle (when vehicle 10 will likely
be used next and how vehicle is likely to be used) and effect
of not recharging (increased fuel consumption estimate),
importance of maximum performance (e.g. an emergency
vehicle may be deemed to have a higher priority because its
rechargeable energy source may be used to enhance accelera-
tion and provide a quiet more productive environment for
work at an accident scene), or other criteria.

Control system 14 may use on board logic to determine
whether to recharge (determine if grid is overloaded and
energy is at a high cost, or if grid has excess generation at a
lower cost or provided by a lower emissions generation
source, in comparison to other alternatives such as recharging
the rechargeable energy source using power from prime
mover 20), when to recharge and may communicate with a
smart grid so as to coordinate which vehicles recharge at
various levels of power or at various times to limit overall
loads on the grid or store maximum amounts of energy if the
grid is underutilized or has renewable energy available foruse
in recharging on-board battery systems. Alternatively, control
system 14 may transmit parameters to a central fleet manage-
ment control system 17 or other control system which can
remotely determine the charging methodology of the fleet
(example, time, rate, amount of grid recharge) and transmit
instructions back to control system 14 which may affect the
operation of on-board vehicle charger or chargers in response
to the remote input.

The central fleet management system or fleet control sys-
tem 17 or other system may send other signals to an EVSE
(Electric Vehicle Supply Equipment), or other equipment
connected to a smart grid to assess whether and how a fleet of
vehicles should charge or discharge (if bi-directional power
transfer to and from the grid is available). The method of
transmitting information between vehicles near-by to com-
municate a request for recharging and communicating the
urgency and/or information related to the priority of need to
recharge may be especially useful if the electrical grid has
limits to the amount of power which can be drawn from the
grid at any one time; for example in order to reduce an
overload on a transformer or other electrical grid component,
grid energy storage device or grid generation device vehicles
needing to be recharged may stagger charging times, change
charging durations or forego recharging. The smart grid may
also transmit data back to controller or control system 14,
other on board device with authority to operate on-board
charger, or to remote systems with the ability to communicate
directly with vehicle 10 to effect operation of on-board
charge. The information transmitted to the vehicle may assist
the control device to determine on-board charger operation,
such as energy rate information, grid load information or
other information.

If vehicle 10 has the means for bi-directional transfer of
power from the rechargeable energy source to the electrical
grid, additional data such as information related to grid peak
power (preferable to reduce load to the grid), need for grid
power valley filling (preferable to add load to the grid) or grid
frequency modulation data (vehicle to grid interface may
assist in maintaining proper grid frequency) could be sent to
the controller or control system 14 or other device affecting
operation of bi-directional on-board charger.

If vehicle imports or exports dc power, other on-board
and/or fixed control systems, such as in an EVSE, may be
used. As described previously the method of transmitting data
may be varied including but not limited to wireless (cellular,
wifl, Bluetooth, ZigBee, 4G LTE, CDMA, GSM or other),
wired (Power Line Carrier, conductive low voltage, pulse
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width modulation, or other digital or analog signal), optical
(fiber optic, or other means), a combination of those and/or
other means.

A similar method of optimization using data collection
from sensors during charging may be used to store informa-
tion from one or more vehicles and the grid, measure the
actual effect on the grid, calculate effects on the vehicle
rechargeable energy systems and the grid through a model,
and subsequently change parameters or control methodology
of fleet charging to optimize future recharging events. Opti-
mization may include better capture of renewable energy
during periods of low grid utilization, reduced stress on grid
components due to recharging of fleet (or other) vehicles, or
other benefits related to better control of one or more vehicles
connected to the power grid, such as optimization of the
energy efficiency of the overall system, including grid
recharge process of a fleet and fleet operational efficiency.

Referring to FIG. 5, the progress of vehicle 10 along route
56 can be monitored (step 70). If vehicle 10 has departed from
the final job site 54 and is returning to a home location 52,
hybrid vehicle drive system 12 may be operated in a charge
deplete mode to utilize any remaining energy stored in first
rechargeable energy source 34 (step 72). Using remaining
rechargeable energy reduces fuel use to a greater extent than
returning to the fleet storage lot with a rechargeable energy
source that is partially full and has not been used to offset fuel
consumption. Recharging the rechargeable energy storage
system using grid power is typically much more efficient than
not using rechargeable energy to reduce fuel consumption. If
vehicle 10 still has to visit one or more additional job sites, the
amount of energy stored in first rechargeable energy source
34 is determined (step 74). The stored energy is then com-
pared to the estimated energy needed for the remaining job
site(s) 54 (step 76). If the total expected energy usage for the
remaining job site(s) is greater than the stored energy, then
hybrid vehicle drive system 12 may be operated in a charge
sustain or charge accumulate mode when in transit and
reserve all stored energy for job site usage (step 77). Reserv-
ing the energy in the rechargeable energy system 34 for use at
the job site to reduce operation of first prime mover 20 typi-
cally is more efficient than using the rechargeable energy in a
charge depleting mode during transit, because not having to
idle first prime mover 20 typically saves more fuel than incre-
mentally increasing the efficiency of the truck by supplement-
ing the power of the first prime mover with the energy from
the rechargeable energy source. First prime mover 20 and/or
APU may be operated at remaining job site(s) 54 to provide
additional energy if expected energy usage for the remaining
job site(s) is greater than the stored energy (e.g., if job site
energy usage was underestimated). If the total expected
energy for the remaining job site(s) is less than the stored
energy, then hybrid vehicle drive system 12 may be periodi-
cally operated in a charge deplete mode when in transit (step
78).

With reference to FIG. 4, optional decision blocks 84 and
86 can be included in the method. At a step 84, system 10 can
determine if regeneration is possible at the job site. Certain
job sites may not be conducive to regeneration due to noise
and air quality issues. If not, system 10 advances to step 67
and reserves all stored energy for the job site. If so, system 10
can advance to step 72 or advance to another decision block
86.

At decision block 86, system 10 can determine if regenera-
tion at the job site is more efficient than regeneration during
transportation. System 10 may consider a variety of factors
for this decision including the type of terrain and route asso-
ciated with travel to the job site. If not, system 10 can advance



US 9,283,954 B2

17

to step 67 where all energy is reserved for the job site. If so,
system 10 can advance to step 72 and utilize remaining stored
energy to assist with the propulsion, thereby using regenera-
tion at that the most efficient portion of the route—the job site.
With such an operation, system 10 can minimize regeneration
along the route where regeneration is not the most efficient.

Referring back to FIG. 1, the control system 14 utilized to
control the operation of hybrid vehicle drive system 12 may
take a variety of forms. In one exemplary embodiment, a
driver ofthe vehicle 10 may manually control the operation of
hybrid vehicle drive system 12. For example, a switch may be
provided for the driver to manually change the operation of
hybrid vehicle drive system 12 between a charge deplete,
charge sustain, or charge accumulate state. The driver may
utilize log sheets and gauges to monitor the operation of
hybrid vehicle drive system 12 and estimate power usage. In
another exemplary embodiment, a fleet manager may
remotely control the operation of hybrid vehicle drive system
12 (e.g., using fleet control system 17). The fleet manager
may direct the operation of vehicle 10 based on the expected
job types, locations, and number. The fleet manager may
further monitor the operation of hybrid vehicle drive system
12 using a wireless communication system. In still another
exemplary embodiment, control system 14 may be a comput-
ing device that automatically monitors hybrid vehicle drive
system 12 and controls the operation of hybrid vehicle drive
system 12 utilizing various algorithms.

A control system 14 embodied as a computing device may
also be used for other optimized operation of hybrid vehicle
drive system 12. Such a control system 14 can be utilized to
control the various components (clutches, motors, transmis-
sions, etc.) in system 12. Electronic control systems,
mechanical control systems, and hydraulic control systems
can be utilized. Such control systems can include sensors and
control devices coupled to each component. The control
devices can include, switches, clutches, solenoids, converters
and other control devices for implementing the functions
described herein. In addition, a controller can be provided to
indicate a request to operate an accessory or other equipment.

The control system 14 can utilize various input criteria to
determine and direct the amount of power required or to be
stored, the input criteria can input operator brake and accel-
eration pedals, accessory requirements, storage capacity,
torque requirements, hydraulic pressure, vehicle speed, etc.
According to an exemplary embodiment, the input criteria
may be an external input, such a from a fleet management
system or from a smart grid interface or control signal.

According to other exemplary embodiments, control sys-
tem 14 may be used for other purposes (e.g., coupling com-
ponent 28 to transmission 22; monitoring the charge status of
first rechargeable energy source 34 and second rechargeable
energy source 38; monitoring and managing the thermal sta-
tus of various components (e.g., prime movers, rechargeable
energy sources, electronics, etc.); operating first prime mover
20, second prime mover 30, and accessory 32 to replenish
energy in first rechargeable energy source 34 and second
rechargeable energy source 38 and/or supply power to equip-
ment 40; operating APU 36 as needed; or control other func-
tions). Information on the status of the system, such as oper-
ating efficiency, status of rechargeable energy sources, and
certain operator controls may be displayed or accessed by the
driver.

Referring still to FIG. 1, according to an exemplary
embodiment, control system 14 may monitor sensor devices
such as a GPS unit 15 to optimize the operation of system 12
when vehicle is in transit along a route 56. Control system
may utilize topographic data from GPS 15 to monitor upcom-
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ing elevation changes. For example, if vehicle 10 will
approach a hill along route 56, control system 14 may direct
vehicle drive system to operate in a charge accumulate mode
to charge first rechargeable energy source 34. The stored
energy may then be utilized to drive wheels 26 as vehicle 10
ascends the hill. According to another exemplary embodi-
ment, control system 14 may utilize data from GPS unit 15 to
plot a route 56 that avoids elevation changes when possible.

Referring still to FIG. 1, control system 14 may monitor the
operation of system 12 along a route 56 and collect data to
better estimate the expected power usage of system 12 along
route 56 and at job sites 54. For example, control system 14
may monitor a wide variety of parameters, such as total
vehicle travel distance; fuel economy, brake use; cruise con-
trol use; accelerator pedal position; torque, rotational speed,
temperatures, and operational times of various devices in
hybrid vehicle drive system 12; first rechargeable energy
source 34 voltage; and activity of on-board devices such as air
conditioner activity, ePTO activity; heater activity, charger
activity, etc. The recorded parameters may be utilized to
refine initial estimates and create a historical database to
provide more accurate estimates for subsequent trips. The
recorded parameters may be stored in an internal database 16
or may be transferred to an external database 18 (e.g., via a
fleet control system 17). The recorded parameters may be
transferred by modem 19 to an external database 18 when
vehicle 10 with a wired connection has returned to a home
location or with a wireless connection. For example, control
system 14 may transmit data on vehicle performance to fleet
control system 17 using wireless interface, such as cellular,
satellite or wireless area network. External data may also be
transmitted using a wired interface through a charge station at
a home location. A charge station provides external power
from the grid 42 to vehicle 10 in order to recharge first
rechargeable energy source 34. Such a signal may be sent
through a low voltage communications wire (conductor) or
through a digital interface connected to the high voltage con-
ductor. In one exemplary embodiment, control system 14 may
communicate wirelessly with a smart phone via a wireless
technology such as a Bluetooth connection or a Wi-Fi con-
nection. The smart phone may be loaded with software to
store and/or analyze the data or the smart phone may be
utilized to transfer the data wirelessly to external database 18.
By uploading the data to an external database 18, fleet control
system 17 may receive and analyze the collected data from
many vehicles and refine power usage estimates and opti-
mized routes in real time.

Additional information from other systems on vehicle 10
may also be transmitted through the same means. For
example, equipment 40 may be operated on vehicle 10 to help
identify potential problems with the power grid. GPS receiver
or unit 15 and other sensors may be used to identify possible
problems with the grid along with the time and location of
those possible faults. Information is then sent to an external
system, such as fleet control system 17, which gathers this
information from the various vehicles operating within a fleet
to help map out areas of the grid requiring maintenance or
repair. In this way, a fleet of vehicles becomes a diagnostic
tool to monitor the status and predicted reliability of the
power grid.

Use of power at a job site can be monitored by measuring
current draw through mover 30 rather than measuring pres-
sure and flow at equipment 40 when vehicle 10 is in an idle
reduction mode in one embodiment. Further, power provided
by mover 20 can also be monitored if equipment is powered
by mover 20. Monitoring energy or power usage at the job site
allows to better optimization by control system 14.
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Control system 14 can calculate mass of vehicle 10 in one
embodiment. Mass can be used to optimize control of vehicle
10 for depletion of energy and accumulation of energy and
can be a parameter in the model used by system 14. A highly
accurate GPS can measure acceleration in comparison to
power output from prime movers 20 and 30 to understand if a
vehicle 10 has a higher or lower mass (e.g., f=ma). Alterna-
tively, mass could be measured by comparing power draw
with respect to elevation along the route. Changes in elevation
along the route can be considered with respect to velocity to
calculate mass in one embodiment.

Alternatively, a low cost device can transmit CAN codes to
a cell phone. A cell phone app using an accelerometer in the
cell phone and CAN codes can approximate mass of vehicle
in one embodiment.

Other factors like altitude, grade, tire pressure could be
monitored and factored into the mass calculation. Compen-
sation for wind and some other variables can be achieved by
calculating averages using acceleration from when vehicle 10
is headed in different directions. Although the term mass is
utilized herein, weight can be utilized instead of mass without
departing from the scope of the invention.

Approximating the mass of vehicle 10 allows control sys-
tem 14 to better predict optimum storage levels for recharge-
able energy at various parts of a drive cycle. In one embodi-
ment, a lighter vehicle may use a higher depletion rate going
up a hill relative to accelerator pedal position in comparison
to a more heavily loaded vehicle in which prime mover 20
would need to produce more power up the hill. In both cases
the goal would be to deplete the rechargeable energy source
34 substantially by the top of the hill so that energy could be
recovered on the way back down the hill, maximizing overall
efficiency. Depletion can also be controlled by having a GPS
location overlay with a map and topographical information
which could be used as an input to control system 14 or a map
that had some of the depletion instructions already pro-
grammed into it. In one embodiment, system 14 depletes the
renewable energy level to a certain percentage at a certain
position on the grade.

Driving information can also be used to improve vehicle
efficiency. Use information such as torque at certain loca-
tions, fuel consumption, rate of consumption, engine power,
accelerator position, brake position, and GPS location stamp
an be used to increase efficiency, In one embodiment, a record
of each measurement can be matched to the route. CAN codes
can be sent from low cost device to cell phone via Bluetooth.
Route information can be sent to cell phone. The cell phone
may use Bluetooth to upload a calibration to a plug-in hybrid
controller, or to a controller on a conventionally powered
truck to improve efficiency for various driving conditions
(traffic), terrain (hills), route (length, number of stop and go,
average power required by previous vehicles on the route—
potential adjustments for seasonality, weather, day of week,
time of day, number of other signals being sent on the same
route). A separate cellular connection could be made for each
device (CAN message transmitter, cell phone, GPS driver
display with optional route information, vehicle control mod-
ule that interfaces with power train). Data can be gathered and
pooled in a database. Some of the data is then analyzed and
sent to the fleet manager. Other data can be used as proprietary
data to improve performance and efficiency of vehicles
through live downloads to vehicle. For example, the charge
depleting algorithm or calibration can be adjusted to best use
hybrid energy (e.g., electric, hydraulic, air, kinetic (such as
through gyro), or combinations of those, etc.) to offset maxi-
mum fuel (e.g., diesel, gasoline, bio fuel, CNG, propane, or
other).
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A detailed map of parameters to increase fuel efficiency
could be created and used for other vehicles to improve their
efficiency. This data would then be made available to custom-
ers to improve fleet, or provide driver behavior bench marks.
An advantage of the cell phone app is ability to have fleet
management get instant updates (or updates when certain
parameters are exceeded (e.g., maximum speed, miles off of
route, truck not moving after certain period, etc.) and allow
the fleet operator to call the driver or personnel closest to
vehicle.

Referring to FIGS. 7 and 8, plots of the battery state of
charge as a function of time and distance, respectively, are
shown for a vehicle departing from a home location, travel-
ling along an exemplary route to two job sites, and returning
to ahome location. As shown in FI1G. 7, the vehicle may leave
the home location 700 with a fully charged battery
(SOC=100%). During a first period 702, a portion of the
stored energy is utilized during transit to the first job site.
During a second period 704 additional stored energy is uti-
lized by the vehicle at the first job site. In an exemplary
embodiment, the portion of the route between the first job site
and the second job site includes a large hill. In the approach to
the hill 706, hybrid drive system 12 may be operated in a
charge accumulate mode to store energy in the battery.
Changes in elevation along the route may be predicted using
data such as topographical data or historical data collected
during previous trips. Stored energy is then utilized as the
vehicle climbs the hill 708. As shown some energy may be
recaptured and stored in the battery as the vehicle descends
the hill. Additional stored energy is utilized in a period 710
during which the vehicle is at the second job site. Any addi-
tional stored energy may then be utilized in a period 712
during which the vehicle returns to the home location. Hybrid
drive system 12 is configured to allocate stored energy such
that the battery is fully discharged upon returning to the home
base 716. Job site operations, in which equipment such as
hydraulic booms are operated, generally represent the least
efficient use of first prime mover 20. Use of first prime mover
20 at job sites can be less desirable due to pollution and noise
concerns. As shown in FIG. 8, the vehicle may be operated in
charge accumulate mode or charge sustain mode during tran-
sit such that sufficient stored energy is available for use at the
first job site 800 and the second job site 802 to minimize the
idling the first prime mover.

Rhythm-based algorithms based upon past history or pre-
dictive algorithms can be utilized to select appropriate modes
at various times and locations. Topographical maps/informa-
tion can be used by the algorithms. The algorithm can also
include a temperature or weather input. The algorithm may
lessen charge depletion during hot weather and lessen charge
depletion in cold weather according to one embodiment. In
one embodiment, the algorithm can optimize efficiency to
save enough stored energy for use at the job site to reduce job
site noise. The job site can be any stationary or low energy
operation where use of prime mover 20 is less efficient or
undesired. The algorithm can also consider geographic job
site consideration such as soil type. For example, more energy
may be reserved for job sites with rocky soil conditions in
digger derrick applications.

With reference to FIG. 10, an exemplary vehicle 10 is
shown. Vehicle 10 includes prime mover 20, transmission 22,
component 28, auxiliary power unit 36, rechargeable energy
system 34, control system 14, and second prime mover 30.
Although a PTO-based hybrid system is shown, other hybrid
vehicle systems can be utilized without departing from the
scope of the invention.
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It is also important to note that the hybrid vehicle drive
system and control system, as shown, is illustrative only.
Although only a few embodiments of the present disclosure
have been described in detail, those skilled in the art who
review this disclosure will readily appreciate that many modi-
fications are possible (e.g., variations in sizes, dimensions,
structures, shapes and proportions of the various elements,
values of parameters, mounting arrangements, materials, col-
ors, orientations, etc.) without materially departing from the
novel teachings and advantages of the subject matter recited
herein. For example, although bidirectional arrows are shown
in the Figures to represent power flow in two directions, the
systems can be designed to have power flow in a single
direction (e.g., certain bidirectional arrows can be replaced
with unidirectional arrows without departing from the scope
of the invention). Accordingly, all such modifications are
intended to be included within the scope of the present dis-
closure as described herein. The order or sequence of any
process or method steps may be varied or re-sequenced
according to alternative embodiments. Other substitutions,
modifications, changes, and/or omissions may be made in the
design, operating conditions and arrangement of the pre-
ferred and other exemplary embodiments without departing
from the exemplary embodiments of the present disclosure as
expressed herein.

What is claimed is:

1. A system for idle reduction in a hybrid vehicle, the
system comprising:

a control system for causing the vehicle to operate in a
charge accumulation mode in response to job site data,
the job site data including an estimate of the amount of
energy expected to be required at the job site, wherein
the control system receives the estimate before the
vehicle reaches the job site and stores the estimate in an
electronic memory, the job site being a location where
the vehicle is stationary and uses equipment, the equip-
ment being powered by the vehicle at the job site
whereby fuel consumption by the vehicle and consump-
tion of energy stored on-board the vehicle is optimized
for use at the job site, wherein the charge accumulate
mode is entered during travel to the job site at least in
part in response to the estimate being more than an
amount of energy stored in a rechargeable energy
source.

2. The system of claim 1, wherein the control system
includes a vehicle control system and a remote control sys-
tem, the vehicle control system being in wireless communi-
cation with the remote control system.

3. The system of claim 2, wherein the remote control sys-
tem is a fleet control system, wherein the fleet control system
selects a vehicle for a next job site at least in part in response
to the amount of energy required at the next job site.

4. The system of claim 2, wherein the vehicle control
system communicates with the remote control system
through a wireless communication device.

5. The system of claim 4, wherein the wireless communi-
cation device is a phone with a Bluetooth or wireless connec-
tion to the vehicle control system.

6. The system of claim 1, wherein the control system
causes the vehicle to operate in a charge depletion mode, or
the charge accumulation mode in response to route data, the
control system estimating energy usage to travel to the job site
based upon the route data.

7. The system of claim 6, wherein the route data includes at
least one of: topographic data, and traffic data.

8. The control system of claim 7, wherein the route data is
based upon historical data stored by the control system.
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9. The system of claim 6, wherein the job site data includes
an indication of whether regeneration is more efficient at the
job site than regeneration along a route to the job site, wherein
the control system utilizes remaining stored energy to assist
with vehicle propulsion if regeneration at the job site is more
efficient.
10. The system of claim 1, wherein the control system
selects a charge depletion mode for operation of the vehicle in
response to the vehicle returning to a home base.
11. The system of claim 1, wherein the job site data
includes energy data for types of jobs.
12. The system of claim 1, wherein an electric motor is
used in the charge depletion or a charge accumulation mode,
the electric motor being coupled to a power take off of an
automatic transmission driven by a first prime mover.
13. The system of claim 1, wherein the job site data
includes an indication of whether regeneration is possible at
the job site, wherein the control system determines if regen-
eration is possible at the job site and reserves all stored energy
for job site usage if regeneration is not possible at the job site.
14. The system of claim 1, wherein the control system
utilizes input criteria such as hydraulic pressure to determine
and direct the amount of power required or to be stored.
15. A method of optimizing energy utilization by a vehicle
with electrical energy storage capability, the method compris-
ing:
receiving a location of a job site on a route, the job site
being at the location where the vehicle is stationary and
uses equipment, the equipment being powered by the
vehicle at the job site whereby fuel consumption by the
vehicle and consumption of energy stored on-board the
vehicle is optimized for use at the job site;
determining expected energy use while the vehicle is
stopped at the job site and storing an expected energy use
factor related to the expected energy use at the job site
using an electronic processor, wherein the expected
energy use is determined before the vehicle reaches the
job site;
determining if the expected energy use is greater than
stored energy in at least one rechargeable energy source
aboard the vehicle using the electronic processor; and

operating the vehicle in a charge depletion mode along the
route if the expected energy use is less than the stored
energy in the at least one rechargeable energy source
aboard the vehicle, wherein the charge depletion mode is
selected by the electronic processor in response to the
second determining step.

16. The method of claim 15, further comprising:

operating the vehicle in a charge accumulation mode along

the route if the expected energy use is more than stored
energy in the at least one rechargeable energy source
aboard the vehicle.

17. The method of claim 15, further comprising:

operating the vehicle in a charge depletion mode along the

route after a last job site has been visited if stored energy
is present in the at least one rechargeable energy source.

18. The method of claim 15, further comprising determin-
ing the expected energy use along the route.

19. The method of claim 15, wherein a fleet control system
provides the expected energy use to the vehicle or the
expected energy use is based upon a historic use of energy.

20. The method of claim 15, wherein the expected energy
use and the stored energy are updated periodically.

21. The method of claim 15 further comprising receiving
locations of a plurality of job sites on the route, and deter-
mining expected energy at each job site along the route using
job site data for the locations, and operating the vehicle in a
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charge accumulation mode or the charge depletion mode
along the route in response to the job site data.

22. An apparatus, comprising:

acontrol system for causing a vehicle to operate in a charge

depletion mode, or a charge accumulation mode in
response to a command along a route to a job site; and

a command control system for providing the command in

response to job site data, the job site data including an
estimate ofthe amount of energy expected to be required
at the job site, the job site being a location where the
vehicle is stationary and uses equipment, the equipment
being powered by the vehicle at the job site, the estimate
being a prediction of the amount of energy expected to
be required at the jobsite made priorto the vehicle reach-
ing the job site, whereby fuel consumption by the
vehicle and consumption of energy stored on-board the
vehicle is optimized for use at the job site.

23. The apparatus of claim 22, wherein the command con-
trol system provides the command in response to stored
energy in rechargeable energy sources, wherein the control
system causes the vehicle to operate in a charge sustain mode
when the stored energy is at an appropriate level for the
estimate of the amount of energy.

24. The apparatus of claim 23, wherein the command is
provided continually as the vehicle is used throughout a route
with multiple job sites.

25. The apparatus of claim 22, wherein the command con-
trol system includes a vehicle command system and a remote
command system, the remote command system storing his-
torical energy usage data.
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26. The apparatus of claim 22, wherein the equipment
includes one or more of the following: electrically powered
devices, hydraulically powered devices, air powered devices,
or on board vehicle systems.

27. The apparatus of claim 26, wherein the equipment
includes one or more of an aerial bucket, compressor, tools,
lights, air conditioner, and heater.

28. The apparatus of claim 22, wherein the equipment is
located at one or more of the following locations: on vehicle,
external to vehicle, in a building, or on a grid.

29. A system for idle reduction in a hybrid vehicle, the
system comprising:

a control system for causing the vehicle to operate in a
charge accumulation mode in response to job site data,
the job site being a location where the vehicle is station-
ary and uses equipment, the equipment being powered
by the vehicle at the job site whereby fuel consumption
by the vehicle and consumption of energy stored on-
board the vehicle is optimized for use at the job site; and

a user interface for selecting an ePTO mode where an
electric motor provides a PTO operation without power
from a prime mover, the user interface allowing the
driver to select the ePTO mode, wherein the ePTO mode
is entered at least partially in response to a parking brake
being engaged.

30. The system of claim 29, wherein the user interface

allows a charge sustain mode to be chosen by the driver.
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